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ABSTRACT 

Scientific advancements in cognitive science and 
instructional technology extend the behaviorally-oriented learning 
paradigm of instructional design and management in three major areas: 
(1) analysis of information-to-be-learned; (2) means of evaluating 
learners; and (3) linkage of learning theory to instructional 
prescriptions. The two basic types of analysis of 
information-to-be-learned — content analysis and task analysis — both 
identify the external structure of the information without regard for 
how it might be stored in human memory. Cognitive science suggests 
that a context analysis should also be conducted and the concepts and 
their organization for employment identified to provide a means for 
sequencing instruction so that it improves the use of knowledge in 
problem solving. While learner evaluation in the behavioral paradigm 
focuses on observable student performance, evaluation in the 
cognitive paradigm takes on diagnostic functions. The implications 
for instructional design lie in the cognitive paradigm concepts of 
diagnosis of learning needs during instruction, £md measures of 
achievement within the context of m^saningful and complex situations. 
The instructional design model th^.t is presented focuses on the 
planning of a learning environment which enables students not only to 
acquire knowledge, but also to improve their cognitive abilities to 
employ and extend their knowledge. Computer programs that are domain 
specific and provide for self-directed learning seem to offer 
excellent instructional strategies for meeting the goals of a 
curriculum that emphasizes higher-level thinking strategies. (11 
references) (BBH) 
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Instructional Design Theory: 
MvBnci23[ftents trm CJognitive Science and festinicticaial Technology 
Scientific advaiKJenaents in cognitive science and Instructdonal tedmology 
suggest significant changes in inethods of curricular and iristructional design 
vMch x-dll strongly affect educational practice. !Ihese advancetnents extend 
the predominately applied behaviorally-oriented learning paradigm of 
Instructioial design and manageinent. In this article I vdll discuss three 
major areas in -^ch cognitive science and instructional tedinology are 
affecting instructional design (ID) theory. These are: (a) the analysis of the 
information-to-be-leamed; (b) the means of ev^uating learners; and, (c) the 
linkage of learning theory to instructiongd presarlptions. 
Analysis of Inforination-to-be^Learned 

An iniportant ccnponent of ID aodels is the analysis of ^he inf onnation»to- 
be-leamed. Two basic types of analyses include: (a) a content analysis, that 
focuses on defining the critical features of the infoniation and the 
relationship of those f eatmres according to si^perordinate and subordinate 
organizations; and (b) a task analysis, that focuses on a hierarchial 
organization of the information based on prerequisites. Both of these 
analyses identify the external structure of the information Ixtt do so 
independent of hov it mi^t actually be stored in human memory. HcK^^ever, 
research in cognitive pathology on human memory suggests that the internal 
organization ol' information in a kncwledge base is biised more on ernplqyment 
needs than by attribute or hierarthial associations. !Iliat is, the utility of 
the knowledge base is attributed to its organization not the amount of 
information. The inplicaticai of knowledge base organization is the need for a 
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further analysis of the information to better understand the possible internal 
organization of the informtion- . Better organization in memory may also l^ly 
better accessibility within the knowledge base for such hi^ier orxJer cognitive 
activities as problem solving and creativity* 

To understand the nature of laxwledge base organization, cognitive 
psydiologist analysis problem occ^plexi'iy and the way individuals try tS solve 
given problems. By analyzing problems, it is possible to identii^ the 
concepts enplqyed; and, by analyzing the solutions, it is possible to identify 
the associations of those oonc^jts wj,thin given problem situations. Ohe 
iirplication for ID is that the sequence of information for instruction should 
be based in part on internal associations as well as e}ctemal structures. The 
assuicption is that because external structures are ind^)endent of employment 
needs, an analysis of possible inteimal associations would iiqprove the initial 
organization of the new infonnation. 

In addition to the analyzing of problems and solutions, is the issue of 
problem context. For exaiiple, esipert systKems reside within* the constraints of 
a specific context: That is, they can solve problems only associated with 
that given context. Likewise, research in cognitive psychology shows that 
individuals can solve oonplex-problems only if they poses the necessary 
contextual knowledge (i.e. , knowledge of and ^fitv) . For example, the 
cJjective in learning to play diess is the learning of problem solving 
strategies within the ocaitext of botli the given game and the current acve: 
not just hcM the various chess pieces move (i.e. , procedural knowledge) . 
Ohus, the k^ to both effective acquisition and enplcyment of knowledge is the 
organization of the information according to contextual applications. 
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Ohe cha'/ige for content/task analysis suggesbad ky cognitive science is the 
method of infontation analysis. In addition to the ccaxventianal content and 
task analyses^ a context analysis is proposed if the goal of the instruction 
includes solving coDoplex-probleins. Basic st^ for a context analysis are as 
follows? 

-Define the context for the eraplqyinent of the knowledge* 
-Define the ccnplex-problems associated with the context. 
-Aralysis solutions to identify oonc^)ts atplpyed. 
-Cluster the concepts according to eappplpyraent, 
wjrganize the clusters into an associative neUork. 

/analyzing problems within a context and then identifying the cx^nospts and 
their enplqyment organization provides a ineans for sequencing the instruction 
to iinprove hi^er oioSer cognition. In other words^ the sequence of the 
instruction is based on the objective of inproving eirployment of knowledge in 
addition to jirpxiveinents in acquisition. 
Learner Evaluation 

A secOTd major area being affected by cognitive psychology is Jeamer 
evalixation. In the behavioral paradigm, evaluation focuses only on observable 
student perforroance vMle, in contrast, evaluation in the cognitive paradigm 
takes on diagnostic functions. Evaltiation is therefore rsore than ciieddng 
attainment of behavioral objectives fcait, inore iirportantly, a concurrent element 
of learning. Far exaitple, diagnosing learner needs during instruction has 
been a prlinary focus of ertpirLcal research that iry colleagues and I have been 
working on for the past two decades. (A review of this program of research in 
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adaptive iiistructicai is found in Tennyson and Ctiristensen [1988] and Tennyson 
and Park [19S7]). 

Macb of the e)qperijt)ental programdng efforts in intelligent ocwputer- 
assisted instnKTbion (ICAI} centers on tedmigues to identify mistalQes and 
f^rrors in solving problese (Dehn & Scharik, 1982) • ALthou^ not ads^sfBve in 
preventing learning problems, ICAI programs are advancing the concept of 
finding possible problems and trying to help the student by prescribing 
specific instruction. 

In the field of ineasurement, c onte aporary research is with design of 
instruments that neasure inference waking within laeaningftil contexts. Bie 
implication for instructional design is the construction of tests that 
evaluation problem solving vdthin ccsiplex^^xsntext situatioris: Situations that 
go beyond the usual limited scope of ineasuring only right and wrong responses. 

Bie implications for instructional design are in the cognitive paradigm 
concepts of (a) diagnosis of learning need during instruction ^nd (b) sieasures 
of ac±Li€vement within the context of meaningful and oooplex s.^tuations. Ihat 
is, can the learner deal successfULly with the type of prcbleros requiring 
knowledge of when and why as well as knc^dng that and hew. 
Intecfrated Instructional Design Kbdel 

In this section I present a thiod area of cognitive psfychology and 
ip^structional technology influences on ID theory: Ihe develcpoent of an 
instrtK±ional design model that focuses on the planning of a learning 
environment so that students not only aogidre knowledge but also inprove their 
cognitive abilities to eadplqy and extend their knowledge. In Figure 1, I 
present an instructional design nodel that shews the direct integration of 
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ojgnitive learning tl.eory with prescribed instructional stxategles. In 
a^toltion to the direct linkages between the ^.rarious neaory systems and 
instructicjnal stratsgies, I propose that 70% of formal, dassrocm learning 
time xise instructional prescriptions that focus on emplcying and inprovdng 
Icnowledge. Ihe major components of the ID model are: msraory systems, learning 
dyjectives, instructional tiaae, and instructitinal prescriptions. These are now 
discussed in turn. 



Insert Figure 1 about here 



Mfenorv systems . Ihe proposed ID model is directly associated to the 
cognitive paradigm of learning. A catplete discussion of this paradigm is 
fould in Tennyson and Rasch (1988) . Because the goals of the ID model include 
both the acquisition and the enploymant of kncwleoga, the memory systems 
reference the long-term memory subsys t ems of storage and retrieval. Ihe 
storage system is oonposed of three basic forms of kncK/ledge: Declarative 
knowledge, knowing "that" about the information; procedural kncwledge, kncwlng 
"how" to use information; and, ocaitextual kncwladge, knowing "when and vft^' to 
i:ise given information. Ihe retrieval system 'is oonapcxsed of cognitive abilities 
associated with the processes of recall, problem solving, emd creativity. 

Proposed in the ID model (see Figure 1) is that th^ is a connection 
between the five basic memory systems and prescribed instructional strategies. 
Ihe purpose for including this ccnponent in the ID model is twofold; First, to 
establish a direct link between instructioTal theory and learning theory: Ihis 
was done successfully with the behavioral paradigm vAiere instructixsnal 
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strategies were designed following the conditions of that paradigm. Thus, I 
have atteropted in this article to make an association betwem the cognitive 
paradigm and instructional strategies. And, second, to indicate the relative 
strengths of the instructional strategies in reference to the educational 
goals of kncwledge aoqiiisitlon and eaiplqyment. Ihe focus of the oxpiltlye. 
paradigm is on both of these aducatlcmL goals as contrasted to the h^h^^ovdl 
paradigm vMdi only concerns Itself with the acquisition goal. Within the 
proposed ID incxJel, the learning objectives esctend the macro level goals so as 
to tie directly with the imoory systans ccnpcnent. 

learning objectives . The purpose of oognltlve-based learrxing objectives Is 
to further elaborate the currlcular goals of knowledge acquisition and 
enplqyment* Cfcjectlves are iitportant in the planning of learning environments 
because they provide the insans of both allocating Instructional tine and 
identifying specific instructional strategies. I define learning objectives 
as follows: 

-Verbal inforxnation . Ihis objective deals with the learner aoquiring an 
atvareness and tmderstanding of the cancel, rules, and principles within 
a specified dcoain of information (i.e., declarative knowledge) . 

-mtell^ial skills . Ihls objective involves the learner acquiring the 
skill to correctly use the ooncqpts, rules, and principles of a specified 
dcttnain of Infamaation (i.e., procedural knowledge). 

-Oontexbi;^! Skills . This objective focuses on the learner's 
aoguisltion of a knowledge base's organization and accessibility (i.e., 
contextual knowledge) . Ihe organization of a knowledge base refers to 
the sdiematic structure of the information \*iereas the accessibility 
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refers to the executive control strategies that provide the.iaeans 
necessary to enploy the Icncwledge base in the service of recall, problem 
solving, and creativity. CJontejctual knowlecage inclndes the criteria, 
values, and appropriateness of a given doatains schematic structure. For 
exairple, sinply lawwiag hew to classify e)cai!ples or Jaxwing how^ to use a 
rule (or principle) does not iitply that the learner knows yihen and vAiy to 
enploy specific conc^Tts or rules. 

- ■Ooqnitive strategies . This objective deals with both the developoaent of 
cognitive conplexity abilities and the iiiproveanent of douain specific 
strategies of thinking. Thus, this category of learning objectives deals 
with two inportant isfsaes in education. First, the elaboration of thinking 
strategies that will ana the students with increased dooain specific 
contextual knowledge. Second, the development of t^ie cognitive abilities 
of differentiation and integration. Ihese abilities provide the cognitive 
tools to effectively enploy and iitprove the knowledge base; therefore, they 
are integral to ary educational goal seeking to iitpiwe thinking 
strategies. 

-Creative Processes . Ihis objective deals with the most elusive goal of 
education: the developcient and iiiproveroent of learner creative abilities. 
I define creativity as a two fold ability: First, creating Icncwledge 
to solve a problem from the external environtnent; and, second, creating 
the problem as well as the knowledge. Integral to the creating of both 
the problem and kncwledge is the criteria by vMdi consistent judgement 
can be made. I define two forms of criteria as follows: Ohe first is 
criteria that are known and vMch can be applied with a high level of 
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cx)nsistency. In contrast are cariterla that are developed cxsncurrently 
with the problem and/or Icncwledge, and is cx^istently applied across a 
hi^ level of productivity. Creativity objectives need to specif not 
only the ability to develcpe and lirprove^ twt also the form of 
criteria. That is^ students should be informed of the criteria in the 
former and^ in the lat±er^ the necessity to develop criteria. 
Instructional time . A ki^ factor in Implementing the cognitive goals of 
knowledge acquisition and euplcyment is the allocation of learning time by 
defined objectives. For exaiiple, Tetuyscn and Rasch (1988) suggest that if 
iirprovements in problem solving and creativity are to occur, there needs to be 
a significant change in hew instructional tiitie is allocated. They recommend 
that the conventdoneQ. instructional time allocation for learning be altered so 
that, instead of 70% of instruction aimed at the declarative and procedural 
knowledge levels of learning, 70% be devoted to learning and thinking 
situations that involve acquisition of oontejctual kncwledge and development of 
cognit:ive abilities. 

Using l^enryson and Kasdi*s recommended figures on instructional time 
allocation, I propose that learning time be divided between the two main 
subfifystiems of long-time memory—storage and retrieval. Within the guidelines 
illxostrated in Figure 1, time is assigned according to the cognitive objectives 
defined in the previous section. In the storage system, learning time is 
allocated among the three memory sys t ans making vp a knowledge base as 
follows: declarative knowledge 10%; procedure knowledge 20%; and contextual 
knc^ledge 25%. I am reccmmending that contextual knowlec3ge learning tisoe be 
about equal to the other t/K) knowledge forms because of the necessit:y to both 
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organize a knowledge base and develcp accessibility. Qie value of a kncwledge 
base is priniarily in the functionality of its^ oxganization and aod^ibilll^ • 
Without a sufficient base of o^itecxtual lOKSrledge^ the opportunity for 
enpXoyment, future elaborations, and e3ctension of the knowledge base is 
severely limited. 

For the knowledge acquisition goal, the focus of learning time allocation 
is on OQnte3ctual knowledge, and away frcm the usual practice of heavy enphasis 
on aiQount of infonnation. I am assuming that declarative and procedural 
knowledge acquisition is an interactive prxx:ess that is topr o v ed vAien enplqying 
the knowledge base in the service of higher^rder thiiiking situations (ieS., 
problem solvirg and creativity) • Time allocated for declarative and procedural 
know'ledge foaises on establishing an initial i^ase of necessary knowledge that 
can be used within a conte}ct of a problem situation, lhat is, learning time 
should include the opportunity for^the learner to gain e3^)erience in employing 
the knowledge. 

Ihe learning times presented in Figure 1 do not inply a linear sequence of 
knowledge acquisition going txxm declarative to contextual. Bather, they 
r^sresent total amounts in an iterative learning environment ^Aiere learners 
are continuously acquiring each form of knowledge. For &caiople, students may 
engage in contextual knowledge acquisition prior to declarative knowledge 
acquisition if they curr^itly have sufficient background knowledge (i.e., a 
discovery method of instruction as contrasted to a structured method) . 

mstructiCTial prescriptions . Hhe purpose of the proposed ID model i?5 the 
direct liilkage of instructional strategies to specific memory system 
ccmponents. Also, instead of prescribing a gi\'en strategy of instruction for 
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all forms of learning^ I have identified general categories of strategies, 
each cxiarposed of variables and conditions that can be manipulated according to 
given instructional situations* 

The five instructional strategy categories' are as follows: 

Expository strategies * This category represents those instructicxiaJ 
variables designed to provide an environment for learning of declarative 
knowledge (see Figure 1) • Hie basic instructional variables provide a context 
for the to-be-learned inforroation, T3iat is, the concept of advance organizers 
is extended by presenting a meaningful context for the inf omation as well as 
a mental frairtework of the given dcnains abstract structure* In addition to 
providing a context for the inforration, meaning can be further enhanced by 
adapting the context to individual student background knowledge (Boss, 1983) • 

Ihe context establishes not only the initial organization of the dooain 
but, also, introduces both the '•viiy^ of the theoretical nature of the 
information and the '^ftien" of the criterion nature of the dceaains standards, 
valiies, ard appropriateness. Personalizing the context to student background 
knowledge improves understanding of the information by connecting, within 
vADrking laemory, knowledge that is easily retrieved. Thus, the new kncwledge 
becomes dii'ectly linked or associated with existing schemas. 

Following the contextual introduction of the information, additional 
es^ository instructional variables present the ideas, concepts, principles, 
rules, facts, etc* in forms that extend ^dsting knowledge and that aid in 
establishing new knowledge* Ihese variables include: 

-Label. Althou^ a simple variable, it is often necessary to elaborate 
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on a label^s origin so that the student is just not trying to memorize a 
nonsense word. 

-Definition. The purpose of a definition is to link xsp the new 
inf onnation with existing knowledge in long-term memory; otherwise the 
definl.tion may convey no ueaning. Ihat is, the student sihould Jew the 
criticcil attributes of the cxMoept^ To further iixprove toiderstanding of 
the new information, definitions may, in addition to presentation of the 
critical attrilxttes (i.e., prerequisite knowledge) inclvde information 
linked to the student's background knowledge. 

-Best Exanple. To help students establish clear abstracts of a dcmain^s 
concepts, an initial exanple should represent an easy conprehension of 
the given concept (or nile, principle, idea^,. etc.). Additional 
e)qpository exairples will enhance the d^yth of understanding. 

-Expository Exanples. Additional exariples should provide increasirigly 
divergent applications of the informatic»i; perhaps also in alternative 
contexts). 

-Wbrked Examples. This variable provides an e)?X5sitory enviroraoent in 
which the information is presented to the student in state^aent forms that 
elaborate applictitlon. The purpose is to help the student in beoc gd ng 
aware of the application of the information within the given cantext(s) . 
For exaxtple, to learn a mathematical operation, the student can be 
presented the steps of the process in an esipository problem \rtiile, 
concurrently, presenting emanations for each step* In this way, the 
student may more clearly understand the procedures of the mathematical 
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c^jeraticai without developing possible misoonoeptioiis or 
overgeneralizations. 

Practice stratecdes , Biis category of instructional prescriptions 
contains a ridi varie'cy of variables and conditions vfcidi can be desigji^ into 
numerous strategies to liipxrve learning of procedural Icncwledge. Ciisv; 
category is labelled practice, because the objective is to learn hotf to use 
knowledge correctly; therefore, it requires constant interaction between 
student learning (e.g. , problem solving) and instructional system monitoring. 
Practice strategies should atteaipt to create an environment in \ihidti (a) the 
student learns to apply knowledge to previously unenoountered situations vMle 
(b) the instructional system carefully monitors the student's perfornance so 
as to both prevent and correct possible misconceptions of procedural knoiAedge. 

The basic instructional variable in this strategy is the presentation of 
problems that have not been previously encountered (see Tennyson & 
Cocchiaiella, 1936, for a casplete review of variables in this category) . 
Other variables inclvtde means for evaluation of learner xespansea (c^.g*, 
pattern recognition) , advisement (or coadiirrg) , elaboration of basic 
information (e.g., t«ct density, Morrison et al., 1988), format of information, 
number of problems, i;ise of expoeiixsry information, error analysis, and lastly, 
refreshment and remediation of prerequisite information. 

Problem-oriented stratecdes . m the proposed ID sodel (Figure 1) , I 
propose that 25% of the instructional time be allocated to the acquisition of 
contextual knowledge. A prcpoeed instructional strategy for this category 
ixses pccblent-oriented sisulatlon techniques. The purpose of sinulations is to 
iaoprcfve the orcfanization and acxsssibillty of infomation vdthin a kncwledge 
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base by presenting prcbleans that require the stuaent to search thrcuc^.jthe^ 
inenory to locate and retrieve the appropriate iox^wledge to propbee a solution. 
Within this contejd:, the siinulaticai is a problem rather than an e35)ository 
demonstration of some situation or ph@homenon. 

Problegst-orienked simlations pr^ent donsdn specific problem situation 
jbtprove the organization and aooessJbility of infcraaation within the low^^ 
base. Basically, the strategy focuses on the students trying to use tti^ • 
dedarativa and procedural loKwledge in solving daDain-epecific problans. 
Problem-oriented simulactions present prcblem situations that require the 
student to (a) analyze the problem, (b) work out a oono^jtualization of the 
problem, (c) define specific goals for coping vdth the problem, and (d) 
pn^xsse a solution or decision. Uhlike problems in the pcactice strategies 
that focus cm acquiring procedural knowledge, prctolem-orionited simulations 
present situations liiat require enployment of the doroain's proced ur al 
knowledge. Thus, tSM student is in a prd>lera solving situation that requires 
establishing connections and associations among the facts, concepts, rules, 
and principles of specific donains of information. 

Oomplex-dvnamic strateeries . Ernployment of the laxwledge base in the 
service of recall, problem solving and cxiMitivity is the second major 
educational goal of learning environments, m ocntrast to instructional 
Efystems that use donain-ind^senSent thinking skills develcfsnent, this 
instructional strategy category prcpoees the presentation of donain-^jecif ic 
situations that allov learners to develop their thinking processes \ihile 
employing the dcraain knowledge stored in their cwn oeaojory systems. As sudi, 
ccaoplex-dynamic siraolations e}ctend the format of the prcblem-oriented 
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simulations by use of an iterative format that not only shows the consequences 
of decisions but also v^jdates the situational cprxJitions eT£i proceeds to mate 
the next iteration irore ocsraplex. lhat is, the situation is longitudinal, 
allowing for increasing difficulty as well as providing additions, deletions, 
and changes in variables and conditions. In sophisticated oartplex-dyuamic 
simulations these alterations and changes are done according to individual 
differences (Breuer, 1987). 

oaie main features of ccnplex-diTOmic simulations are: (a) present the 
initial variables and conditions of tiie situation; (b) assess the learner's 
proposed solution; and (c) establish the next iteration of the variables and 
conditions based on the cumulative efforts of the learner (Breuer & Kuramer, in 
press) . 

In summary, canplex-<Jynamic strategies should be designed to provide a 
learning environment in viiich learners develop and lirprove hi^ier^-order 
thinking processes hy engaging in situations that require the ertplopient of 
their )aiowledge base in the service of problem solving. 

Self-directed experiences. Cie creative process is a cognitive ability 
that seemingly can be inproved by learners who engage in activities requiring 
novel and valuable outocmes. lhat is, the creative process can be Inproved by 
instructional methods that allow studaits the opportunity to create knowledge 
within the context of a given datain. Instructional programs that provide an 
environment for easy nanipulation of new information increase the learning 
time available for such activities. 

Ocajpiter-bssed software programs provide environments for self-directed 
learning e>53erienoes that may iapxve the creative process within given 
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dcttnains. For exaitple, word processing programs have been Bham to imgirave 
writing skills because of the ease in correcting and ii^i^usdmg text stcucture 
(lawler, 1985; Zvacek, 1988). Ocwpiter^ased similatians have also shewn that 
the creati^^ process can be laproved v*en students can both bontlnually see 
the outocraes of their decisiois v*iile understanding the predictability of 
their decisions (Sasdi, 1988) . 

The creative process is a cognitive ability that aqpparently can be 
inproved with tase within a dcroain and ocnputer-basal software programs seem to 
provdde the type of environment vftiich can enhance instructional methods for 
such iirprovements. Because of the time necessary for participating In creative 
activities, educators should provide sufficient learning time for such 
developnent (Tennyson, 1988) . Ocoputer software prv',grains that are dcniain 
specific enhance the cost-effectiveness of instructi nal strategies aimed at 
the iitproveinent of creativity. 

The key instructional attribute for this category is an enviroranent tiaat 
allows students to ea^serienoe the creative prooese at that given mcxnent. 
Oonputer software prograips that are donain specific and provide for self- 
directed learning seem to offer excellent instructional strategies for meeting 
goals of a curriculum that eofibasizes hi^ier^level thinking strategies. 
Althou^, we have focused on ocnputer-based software in this InstimctioTial 
category, there are of course other possible instructional means for students 
lii{>rcrdng their creative processes. 

Ocndusion 

Ihe purpose of this article was to discuss several areas in \Mch recent 
advancements In cognitive psychology and educational technology may affect 
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instructdonal design theory. Bia first two areas^ information aaialysis and 
learner evaluation^ proposed extensions to current inethods of instructional 
developonent. Information analysis proposes an adcSitional analysis of the 
information based yjpan ccnplex-problems associated with a given cc^it^. 
Whereas, a conventional contents/task analysis identify the attributes of tbB 
information, the context analysis id^:irtif ies the sdiematic organization of the 
information. !Ihe schematic organization inpxn/es the service of the kncwledge 
base for hi^ier level emplqynent situations (i.e., prc^lean solving and 
creativity) . 

The effect of cognitive psychology on learner evalxjation deals with two 
fundamental asfpects of evalmtion. First, ^^len do it and, second, what to 
measure. For the former aspect of vAien, it is proposed that evaluation be of 
a diagnostic nature, occurring during learning. Diagnosing learning need 
\itiile learning WDuld improve the instructional prescription* That is, the 
iristructional program would be adjusting to current individual needs and 
differences. For the latter aspect, the focus of evaliaation would be on 
hic^ier order inference making both within specific doooains and cognitive 
abilities. 

Ihe third area proposed the framework for an ID model that directly links 
cognitive learning theory with specific instructional strategies. I also 
proposed that learning time be allocated according to the eaiicational goals of 
knowledge acquisition qnd estqplqyme^tt. Given the assunpticn that learners can 
elaborate and extent; their knowledge base during eirploiymerxt, instnK±ional 
time was sihifted frm the traditional allocation of 70% for acquisition to 70% 
for iirprovatients in enployment. Ohis roallocation of instructional time does 
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not reduce the irtportance of content, tut places xnore of the hurden of 
acquisition on the learner. Rather than acquisition of Xncwledge in nonsense 
isolation, it is proposed that learners acquire kncwledge within loeaningful 
situations. Unfortunately, research in ii^tructional theory has focused cai 
strategies associated vdth declarative and procedural knowledge with minimal 
eitpirical work for strategies associated with conte>ctual knowledge and 
cognitive abilities. Educational technology should provide the means fay viiidti 
cognitive psychology can be applied to iirprovements in learning. Ihat is, the 
behavioral paradigm was iitplemented by means of educational technology, I see 
the same thing happening for cognitive psydiology. 



6.?-6 



Tennyson 
19 



References 

Breuer, K. (1987) > Voraussetzungai icid Zielvorstelliincien ta^ das 

CCTipiberunterstxitzte Lehren imd Lemen. . XJhterrichtwisseriscihaft . 
Dehn, N. & Schank, R. (1982) . Ai±ificdal and ftucnan intelligence. In R. J. 

Sternberg (Ed.), Handbook of human inteliioenoe (pp. 352-391). Cainbridge, 

HA; Canibridge University. Press. 
Lawler, R. (1985). Ooroputer experlenoe and cocmitive develocaaentt A 

children's learnincf in ooBCUter culture . ' New York: Wiley. 
Morrison, G. R., Rosp, S. M., O'Drll, J. K., Schultz, C. W., & Higginbotham- 

Wheat, N. (1989) . Urplications for the design of cjanputer-i»sed 

instruction screens. Oomputers in Human Behavior. 5, 167-174. 
Rasdh, M. (1988) . Ccmput^Msased instructional strategies to inprove 

creativity. Oomputers in HUroan Behavior , 4, 23-28. 
Ross, S. M. (1983) . Increasing the ineaningfulness of quantitative material 

by adapting context to steident backgrcwnd. Jcumal of Educational 

Psychology p 75, 519-529. 
Tennyson, R. D. (1988) . lai instructicaal strategy planning model to inprove 

learning and cognition. Oon^aiters in Hitman Behavior . 4, 13-22. 
Tennyson, R.D., & Christensen, D.C. (1988). MAIS: An intelligent 

learning system. In D. H. Jonassen (Ed.), Instructional designs for 

inicroooBUJUter cotirseware (pp. 247-274) . Hillsdale, NJ: Erlbam. 
Tennifsoi, R. D. , & Ooochiarella, M. J. (1986) . An enpirically based 

instnictiona]. design theory for cxsxxpt teaching. Reviay of E ducational 

B^§ae^, 2§, 40-71. 



627 



Otenn^son 
20 



Tennyson, R.D. , & Park, 0. (1987). Ar^ficial:lnte^ 

assisted learning. In Gagns ^Ed> ) Iriste^^ 

Foundations (pp. 319-342) . Hillidale>. NJsf^^E^Mum. 
Zvacek, S. M. (1988) . Word processing and the teaching of writing. OoniFMters 



in Hunan Behavior ,, 4, 29-36. 



■ •- - J 



628 



IP 



21 

Figure Captions 

Figure !• mstriK^ional design laodel linking cjognitive learning theory \dth 
instructional prescriptions. 
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